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ABSTRACT

Field experinments in 1979 reveal ed that higher

popul ations of Metopol phi um di rhodum (Wk.) devel oped

on barley yellow dwarf virus (BYDV)-infected w nter wheat

and oats than on healthy plants. More Sitobion avenae (L.)

were simlarly recorded in 1980 on BYDV-infected w nter

wheat, oats and barl ey.

In both years, foci of BYDV infection attracted nore
immgrant alates than did healthy plants. This observation
was supported by laboratory flight chanmber trials in which
aphi ds were sinultaneously presented with a choice of
targets; both M dirhodumand S. avenae alighted nore
frequently on the |eaves of BYDV-infected oats and barl ey
than on those of healthy plants.

The adult size and fecundity of S. avenae were increased

by feeding on BYDV-infected wheat, oats and barley but

M di rhodum was not affected.

Bot h BYDV infection and aphid honeydew predi sposed

wheat ears to infection by C adosporium |ndividual

M dirhodum and S. avenae excreted | ess honeydew on BYDV-

infected than on healthy wheat in the |aboratory.

The significance of the interactions between BYDV, its

aphid vectors and Cladosporium is discussed in the |ight

of the foregoing findings.
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GENERAI, INTRODUCTION

Background

In 1976 and 1977, the Aerial Photography Unit of the
Agricultural Development and Advisory Service {(ADAS)
detected a prominent and distinctive focal pattern of
dark patches in many fields of winter wheat in Essex and
parts of East Anglia (Hooper, 1978). On examination,
these patches (Figure 1) were found to consist of plants
infected with barley vellow dwarf virus (BYDV) and sooty
moulds. They averaged about two meters in diameter.

The sooty moulds were thought to be growing on aphid
honeydew because of the many aphid exuviae found in the
patches.

The foci of BYDV infection were restricted to early-
sown crops, i.e. before mid-October. This fact was thought
to indicate that these particular crops were infected with
the virus by aphids flying into the fields in October when
the plants would have emerged above ground (A‘'Brook, 1974,
1979; A'Brook & Dewar, 1980; Plumb, 1976). According to
the Rothamsted Insect Survey trap catches, the most
prevalent species of aphid at that time of the year are

Rhopalosiphum spp., especially R. padi L. (the bird-cherry

aphid) and R. insertum (Walker) (the apple-grass aphid)
(A'Brook, 1974, 1978, 1979; A'Brook & Dewar, 1980;

Plumb, 1981; Taylor & French, 1970-80). Both of these
aphids are vectors of BYDV (A'Brook & Dewar, 1980; Oswald
& Houston, 1952), and R. padi is the most efficient vector
of the severe isolate of the virus (Lindsten, 1964; Plumb,

1974; Rochow et al, 1965; Smith, 1963). A varying proportion



Fig. 1A. A field of winter wheat near St Albans, showing

yellowish patches of BYDV infection (10.6.81).

Fig. 1B.Aeriaol photograph of a field of early-aown

winter wheat showing typicol dark patches

(eg. a.). (Courtesy of the Aerial Photography
Unit, ADAS, Cambridge).
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of aphids caught alive in suction traps in the autumn at
Rothamsted in England and Aberystwyth in Wales are
virnliferous (A'Brook, 19783 A'Brook & Dewar, 1980;
Plumb, 1974, 1976, 1981). Knowledge of this proportion
is being used in attempts to forecast the incidence of
BYDV-infection (A'Brook, 1979; A'Brook & Dewar, 1980;
Plumb, 1976),.
Objective

Of the several relevant questions that needed to be
answered about the existence of the patches, this study
was aimed at the following:

1. Are there greater numbers of aphids in the patches
than in the surrounding crop, and if so, why?

2. Why do the sooty moulds appear to be confined to
the virus patches, or at least to be present in
these foci in a much higher concentration than in
the surrounding crop?

Approach

The approach was to study the complex of interactions

between BYDV, its aphid vectors, the plant host and sooty

mould development. Cladosporium was chosen because it is

one of the predominant grain surface fungi on cereals in
the field in most years (Hill, 1977, 1979; Hill & Lacey,
1974; Lacey, 1975).

The study involved extensive laboratory, glasshouse
and growth cabinet experimentation. Field trials were also
conducted at Rothamsted in 1979 and 1980. 1In addition,

field trips were made to Essex and Cambridge in both years
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to see farmers' crops. A flight chamber experiment was
conducted at the Insect Physiology Unit of the Imperial
College alb Silwood Park, Ascot.,

The thesis

In the first of five sections, the effects of BYDV
infection of winter wheat, oats and barley on the coloni-
zation of these crops by cereal aphids, and on the
consequent development of aphid populations in the field,
are examined.

Section two seeks to verify, using a laboratory
insect flight chamber, the field observations concerning
the effect of BYDV on the host selection behaviour of
cereal aphids.,

The third section deals with the effect of the virus

on the adult size and fecundity of S. avenae, R. padi and

M. dirhodum. Different methods of estimating potential
fecundity, and the relationship between adult size and
fecundity in these aphids are also investigated.

In section four, the effects of BYDV and aphid

honeydew on the incidence of Cladosporium and other

phylloplane microfiora on winter wheat and barley are
described.
Section five reports on the effect of BYDV infection
of spring wheat and barley on honeydew production by
S. avenae and M. dirhodum under controlled conditions.
The effect of BYDV infection on the grain yield of

cereals is described in both sections one and four.
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At the end, the overall interactions between BYDV,

its aphid vectors and plant hosts, and Cladosporium

are discussed together with their implications for

each organism in the complex.
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REVIEW OF THE LITERATURE

BARLEY YELLOW DWARF VIRUS

Barley yellow dwarf virus (BYDV) was first recognised
and named ag such in 1951 (Oswald & Houston, 1951),
although it is thought to have been a problem much carlier
(eg. Bremer, 1965; Bruehl, 1961). The extensive literature
that has accumulated thereafter on the virus has been
comprehensively reviewed by Bruehl (1961), Rochow (1970),
Panavotou (1975) and Pearson (1977).

Distribution and economic importance

The virus is world wide, having been identified in at
least one country on every continent. Rochow (%970)
considers it the most widely distributed of all cerecal
viruses., BYDV occurs throughout the British Isles
(James, 1969).

The economic importance of BYDV is closely linked with
its yield reducing capability. Artificial infections of
the virus, especially at the seedling growth stages, can
cause yield losses of up to 90% in oats (Endo & Brown, 1957;
Cill et al, 1969b), wheat (Doodson & Saunders, 1970a,b;
Gill, 1967; Gill et al, 1969b; Gill, 1980) and barley (Gill
et al, 1969a; Doodson & Saunders, 1970a,b). Yield losses
due to natural infections are complicated by the damaging
effects of aphid feeding, other diseases and environmental
factors. Not surprisingly, little has been reported on
comparing the yields of healthy and naturally BYDV-infected
crops. However, Bayon and Ayrault (1977) found that about

63 million francs were lost through BYDV infection of



winter wheat and winter and spring barley in Poitou-

Charentes, France in 1975. BYDV also lowered the potential
yield of spring wheat by 7% in southern Manitoba, Canada,

in 1978 (Gi1l, 1980). Annual yield losses in cereals in

Britain have been estimated at 5 - 10% (Doodson &

Saunders, 1969; A'Brook, 1974). Economic losses have also been
associated with BYDV in the U.S.A. (eg. Oswald & Houston, 1953a)
and New Zealand (Smith, 1963).

Several severe epidemics of BYDV have been reported (eg.
Murphy, 1959; Watson, 1959; Gill, 1970). Rochow (1961)
considered BYDV to be potentially equally destructive as any
other cereal virus while Plumb (1974) described it as the
most damaging cereal virus in Britain.

Host Range

The host range varies with the strain of virus, the
host preference of the aphid vector and the genetic
variability of the host plant. Detailed information on the
specific host range of BYDV 15 available in Oswald and
Houston (1952), Bruehl and Toko (1957), Watson and
Mulligan (1960), Bruehl (1961), Rochow (1961) and Jones,
(1968). About one hundred monocotyledonous species ﬁre
known to be susceptible to BYDV, including most grasses
(Doodson, 1967; Plumb, 1977) and all commercially available
cereal cultivars (Plumb, 1974), although several barley
varieties from Ethiopia have a high level of tolerance
(Schaller et a1, 1963; Damsteegt & Bruehl, 1964;

Catherall & Hayes, 19663 Jedlinsky, 1972; Jones & Catherall,

1970).
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Winter varieties are more susceptible than sSpring
and oats and barley are more susceptible than wheat
(Watson & Mulligan, 1960; Doodson & Saunders, 1970).

External symptoms

Some infected plants develop no symptoms (James et
al, 1969; Gi1l, 1970; catherall, 1963, 19663 Bremer, 1965;
Doodson, 1967; Lindsten & Gerhardson, 1969). Depending on
the host plant species, cultivar, growth stage at ino-
culation, physiological and environmental conditioné as
well as the strain or isolate of the virus, several
external symptoms have been associated with BYDV infection.
These include stunting of the roots and aerial parts,
twisting of leaf blades, death of the apical..shoot, increased
tillering, narrower and stiffer leaf blades, leaf serrations
(smith, 1959), blasting of the florets (especially in oats),
and failure of the ear to emerge (Bruehl, 1961). The
earlier infection occurs, the more severe are the symptoms
(Watson & Mulligan, 1960; Jenkins, 1966).

Infected leaves may also appear water-soaked and
develop chlorotic stripes, blotches or mottles. These
developments are often accompanied by drastic colour changes
from green to bright yellow in barley and red to purple in
oats and wheat. However, some non-cultivated grasses
develop no symptoms on infection (Rochow, 1970).

Only leaves younger than the one inoculated with the virus
show the colour change.

Several authors have pointed out the similarities

between these symptoms and those caused by other factors
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(eg. Banttari, 1965; Gill et al, 1969bj;Rochow & Duffus,
1978; sSlykhuis, 1967; Sprague, 1936, 1939; McKinney, 1950;
McKinney et al, 1952). It is therefore deslrable to
eliminate alternative causes of these symptoms and to

conduct transmission tests when diagnosing the virus.

Internal symptoms

BYDV infection induces degeneration and eventual
hecrosis of the phloem, xylem and ground parenchyma
tissues of the host plant (Esau, 1957a,b). These effects
are more severe in oats and barley than in wheat. Recently,
it has been revealed that serologically related variants
of the virus induce similar cytopathological alterations in
oat cells, and the reverse is the case with serologically
unrelated ones (Gill & Chong, 1975, 1976, 1979).

Sugary exudates have been observed on BYDV-infected
leaves and Esau (1957b) suggested that these exudates may
result from pathological changes in the mesophyll,
accumulate in the intercellular spaces and leave the meso-
phyll via the stomata.

Several metabolic changes have been associated with
BYDV~infection of various plant species. It increased
respiration and caused an accumulation of soluble carbo-
hydrates and starch (Jensen, 1966, 1968a,b, 1969y . 1972;
JdJensen & Sambeek, 19723 Oriob & Arny, 1961; Goodman et al,
1965; Watson & Mulligan, 1960), and increased the amount
of indigestible c¢rude protein (Jensen, 1969; Pearson, 1977)
and free amino acids (Markkula & Laurema, 1964). Conversely,
transpiration (Orlob & Arny, 1961), chlorophyll content,
leaf area and photosynthetic rate were all decreased by
BYDV (Jensen,1966, 1968a, 1969, 19723 Jensen & Sambeek, 1972).

wynd (1943) had suggested that the increases in the amount
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of amino acids in a diseased plant may result from either
a loss of the ability of the infected plant to synthesize
amino nitrogen compounds into more complex molecules, or a
lessening of the translocation of intermediate soluble
products in diseased plants. The latter view was adopted
by Jensen (1972) to explain the accumulation of photo-
synthates in the leaf blades of BYDV-infected plants.
Changes in nitrogen levels (Stubbs & Walbran, 1963; Orlob
& Arny, 1961; Jensen, 1969b), deposits of glycogen-like
substances in the chloroplasts of barley leaves (Moline &
Jensen, 1975), a decrease in catalase activity and an
increase in peroxidase activity (Orleob & Arny, 1961) have
also been attributed to BYDV infection.

The diagnosis of BYDV has been hampered by several
problems including symptomiess infections, the unreliability
of symptoms which can resemble those caused by other factors,
as well as the cumbersome and time-consuming nature of trans-
mission tests with aphid vectors. In addition, the virus
occurs in relatively low concentrations in the plants
(Tensen, 1969; Paliwal & Sinha, 1970) and was not detected
by commonly used serological tests like tube precipitin,
ring interface or microprecipitin, or by "leaf dip"
electron microscopy. It is also difficult to distinguish
BYDV particles from plant cell constituents in the leaf
dip preparations (Paliwal, 1977).

More rapid and reliable techniques have been developed
recently. These are serological specific electron micro-

scopy (SSEM) (Paliwal, 1977) and enzyme-1inked immuno-
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sorbent assay (eg. Lister & Rochow, 1979; Rochow, 1979).
Both methods had previously been used to detect other
plant viruses (eg. Bar-Joseph et al, 1979; cCcasper, 1977;

Derrick, 1973, 1975; Reeves et al, 1979).

Transmission

By vectors

About eighteen gpecies of aphid vectors of BYDV are
known (A'Brook, 1978; A'Brook & Dewar, 1980; Kennedy et al,
1962; Plumb, 1974, 1981), including the grain aphid, Sitobion

avenae F., the rose-grain aphid, Metopolophium dirhodum

(Walker) and the bird cherry aphid, Rhopalosiphum padi L..

These three aphids, and in some yvears the apple grass aphid,

Rhopalosiphum insertum (Walker) are the most important BYDV

vectars in Britain (A'Brook & Dewar, 19803 Plumb, 1981).
Aphids can acquire the virus after several hours of
feeding on infected plants (Orlob, 1959; Toko & Bruehl,
1959), and there is usually a latent period when acquisition
feeding times are shorter than one day (Rochow, 1963)
although transmission readily occurs when acquisition and
inoculation feeding times are one to two days (Watson &
Mulligan, 1960). Transmission can occur after 15~3d minutes
inoculation feeding (Orlob, 1959; Watson & Mulligan, 1960)
although longer periods will improve transmission rates.
The virus persists in the vector for two to three weeks
(Rochow, 1959), is retained during moults, but is not known
to multiply in the aphid or to be transmitted transovarially.
Transmission depends on many factors such as aphid

species or clone and age (Gill, 1970), virus isolate,
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temperature, test plant species, and age of the plant
(Rochow, 1969a).
By dodder
BYDV has been recovered by aphids feeding on dodder
established on infected barley (Orlob et al, 1961) and

it has been transmitted from barley to barley by Cuscuta

campestris (Timian, 1964).

By other means

BYDV has not been transmitted mechanically, through
seed or soil.

Strains and Vector Specificity

Serological tests have shown that BYDV is a generic
name covering many strains or variants (Aapola & Rochow,
19713 Clark et al, 1979). Strains differ in how efficiently
they are transmitted by different aphid vectors, the damage
they cause and in their geographical distribution in
cereals (Plumb, 1977).

Several separate attempts to classify the different
variants of BYDV have been based on the degree of virulence
(eg. Allen, 1957), host range (eg. Bruehl, 1961), or vector
specificity (eqg. Toko & Bruehl, 1957, Bruehl, 1958; Rochow,
196%a,b; and Gill, 1967). More recent attempts have been
made to base classification on the cytopathological changes
induced in the host plant by each strain of the virus {Gill
& Chong, 1975, 1976, 1979a & b). The classification in common
use is however based on a combination of virulence and
vector specifity (cilil, 1969; Plumb, 19743 Rochow, 1969a)

(Table I).
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Epidemioloqgy

The incidence of BYDV in a crop is closely related to
the biology of its aphid vectors. 1In the U.K., epiphytotics
of BYDV are more common on early sown (ie. September to
mid-October) cereals (A'Brook, 1974, 1979; Hooper, 1978;
Plumb, 1981) which are inoculated with the virus by
infective alates, particularly R. padi and R. insertum
(A'Brook & Dewar, 19803 Plumb, 1976) migrating in the autumn
from diseased cereals and grasses to their winter hosts.

The severity of the epiphytotics depends therefore on the
earliness of the crops and the synchronization of crop
emergence with aphid migration, the vector species and the
isolate of BYDV transmitted, weather factors (eg. A'Brook,
1981; Vickerman, 1977) and the numbers of infective vectors
visiting the crop. In the spring and summer months, more
virus may be introduced into the crops by alates, especially
R. padi and §. avenae which can overwinter viviparously on
grasses in mild winters, but the main sources of BYDV at
this time are probably the foci of auntumn-introduced virus.
Depending on the isolate of BYDV involved, secondary virus
spread within the crop probably depends on S, avenae and
M. dirhodum (Plumb, 1976) which are more abundant in crops
than R. padi in the main growing season (Dean, 1973a).

The effects of BYDV on its vectors

Development and Longevity

Macrosiphum granarium (Sitobion avenae) reared on

excised leaves of oats (var, Clintland 59) were reported to
have an increased rate of development from birth to adult,

to 1ive longer and to have a longér reproductive period



23

(Milier, 1962, Miller & Coon, 1964). The developmental
period of M, dirhodum was increased and that of R. padi
was unaffected by BYDV infection of young and mature
leaves of oats (var. Selma) (Elamin, 1975).

Size and fecundity

The effect of BYDV on aphid size has not been reported
previously .
BYDV-infection of oats is known to raise the fecundity

of Macrosiphum granarium Kirby (8. avenae) on excised leaves

(var. Clinton 59)(Miller, 1962; Miller & Coon, 1964) and that
of R, padi on whole plants Gvar Selma) (Eiamin, 1975) and

var. Sisu (Markkula and Laurema, IOGGD, and to lower that

of M. dirhodum (Elamin, 1975). However, Markkula and
Laurema (1964) found that the virus had no effect on the
fecundity of $. avenae and M. dirhodum on young oats leaves,
and Elamin (1975) showed that the fecundity of S. avenae on
young oats was decreased by BYDV. 1In addition, Bremer (1965)
reported that BYDV infection of a BYDV-resistant wild oats

host Arrhenatherum elatius had no effect on the number of

progeny produced by R. padi after seven days.

Colonies of Rhopalosiphum maidis were smaller on barley

plants (cv. DL - 117 and EB - 921) infected with BYDV than
on uninfected plants (Gill & Metcalfe, 1977).

In all the studies sited above, fecundity was
measured by counting the numbers of progeny produced within
a chosen period of time ranging from seven days to the end
of the aphids' reproductive life. A comparison of the
results is made difficult by differences il experimental

procedures, the strains of BYDV used, the age of the plants
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at inoculation and the Crop variety.

Alate Production

S. avenae and R. padi that had experienced some
crowding were more likely to mature as alates when reared

on oats (Avena byzantina (Koch)) infected with various

isolates of BYDV than were those reared on healthy oats
(Gildow, 1980). BYDV could influence aphids during first
instar development Lo mature as alates.

Host Selection

There are no reports on the effect of BYDV on the
alighting behaviour of its aphid vectors. Kieckhefer et al

(1976) found that flight-active alate Schizaphis graminum,

Macrosiphum (Sitobion) avenae and R. padi when exposed to

detached healthy and BYDV-infected barley leaves for 16
hours, were equally distributed on both, but the authors
did not study the aphids® alightment preferences.

Cytological and Physiological Changes

The virus has been found in various tissues of the
vector including connective tissue, the haemolymph and
the salivary glands (Paliwal & Sinha, 1970), but unlike
some other virus-vector relationships (eg.-Littau &
Maramorosch, 1956; Maramorosch, 1958), the ingestion of BYDV

by Sitobion (Macrosiphum) avenae does not induce any cyto-

logical changes in the Fat body cells of the aphid (Rutschky
& Campbell, 1964).

Miller (1962) and Miller and Coon (1964) found that
BYDV infection of oats (var. Clintland 59) reduced the

oxygen consumption of M. granarium.



Interactions between BYDV and other micro-organisms.

Interactions between BYDV and several cereal fungal
pathogens have been recorded by various workers. Smith
(1962) concluded from investigations in New Zealand that
BYDV infection predisposed wheat plants to attack by

Fusarium and Rhizoctonia root rots and to Gibberella zeae

(Schw.) Petch. Cochliobolus sativus (Tto & Kuribay) Drechs.

ex Dastur caused more severe root rots in BYDV-infected
wheat and oats (Scott, 1968). Prior infection by BYDV
similarly increased the susceptibility of wheat plants to

Caeumannomyces graminis (Sacc.) Arx and Oliver (Price, 1970)

and of oats to Septoria avenae Frank (Pelletier et al, 1974;

Comeau et al, 1976) as well as powdery mildew, Erysiphe
graminis DC ex Merat (Potter, 1974). Conversely, BYDV
infection either had no obvious effect on (Latch & Potter,

1977) or actually inhibited Puccinia coronata ¢Cda. on oats

(Pelletier et al, 1974).

Creenhouse inoculations under conditions of high

humidity showed that the ears of BYDV-infected wheat plants

were more severely blackened by a combination of Alternaria

spp. and Cladosporium spp. (Smith, 1962).

CEREAL APHIDS

The extensive literature on the biology and economic
importance of cer=al aphids has been reviewed recently by
Rautapdd (1977), Vickerman and Wratten (1979) and Carter
et al (1980). The following aspects were adequately
treated and will not be dealt with here: the species complex
and their identification; sampling methods; morph deter-
mination; life cycles; migration and crop colonization;

host plant preference and resistance; feeding site
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preferences; reproduction and overwintering survival; natural
enemies and abiotic factors; population dynamics; fore-
casting outbreaks; effects on the host plant; and control
measures.

Three sSpecies of aphids, Sitobion avenae (F), Meto-

polophium dirhodum (Walk.) and Rhopalosiphum padi (L.)

commonly infest cereals in Britain. In West Wales,

Rhopalosiphum insertum (Wik.) is also of interest as an

important vector of barley yellow dwarf virus (A'Brook,
1978; A'Brook & Dewar, 1981).

What follows is a review of certain aspects which,
for the purposes of this thesis, were inadequately covered
by the earlier reviews.

Host selection by alatae

The behaviour of insects in selecting their host plants
has received much attention as is reflected by the large
amount of published work, including reviews by Dethier,
(1953), de Wilde (1958) and Thorsteinson (1960)., Studies

by Mliller (1953, 1958, 1962) on Aphis fabae (Scopoli) and

Myzus persicae (Sulzer) and by Kennedy (1950) and Kennedy

et a1l (1959a, 1961) on A. fabae, M. persicac and Brevicoryne

brassicae (Linnaeus) showed that host selection in these
aphids does not occur during the initial approach but only
after landing. This conclusion was reached because the
aphids tended to alight indiscriminately and in aboult edual
numbers on host and non-host, or on susceptible and resis-
tant varieties alike. Although more aphids thereafter
accumulated on the preferred hosts, this was because more

had left the less suitable hosts.
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Other studies revealed, however, that colour differences
could render one plant more attractive to flying aphids
than another. For instance, Miller (1964), using direct
captures of landing aphids in the field, found that
A. fabae and M. persicac landed 3-5 times more frequently
on green and yellow-green varieties of lettuce plants than
on a dark reddish-brown one. The landing impulse on yellow
and green lettuces was increased when their colour contrasted
with that of the surroundings. Kennedy et al (1961),
similarly reported that in the field, B. brassicae, M.
persicae and A. fabae preferentially landed on yellowing

leaves of field beans, Vicia faba Linnaeus. Cartier (1963)

also found that Acyrthosiphon pisum (Harris) visited a

yvellowish green variety of pea (Pisum sativum Linnaeus)

more frequently and colonized it more heavily than the green
varieties.

Several studies using various trapping methods, includ-
ing water traps (Moericke, 1950, 1951, 1954, 1955; A'Brook,
1973), sticky traps (A'Brook, 1973; Broadbent, 1948) or
both (Heathcote, 1957), and coloured cards in a flighF
chamber (Kring, 1966, 1967; Kennedy, 1976) agree that many
aphid species are attracted to yellow. Others (Auclair,
1967, 1969; cCartier, 1965, 1966; Cartier & Auclair, 1964;
Moericke, 1950; Kloft, 1956; Kring, 1967, 1969; Wensler, 1962;
Rautapaa, 1980; also review by Kennedy & Stroyan, 1959)
have established that in many aphid species, the alighting
and settling behaviour is best elicited by the green-yellow-

orange part of the light spectrum, especially yellow.
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Cereal aphids in general are less sensitive to yellow
than other species that feed on dicotyledonous plants
(Adams & Farrell, 1957; Eastop, 1955; Heathcote, 1957;
Heathcote et al, 1969; 0'Loughlin, 1963). However, on the
basis of data from water traps and sticky traps (A'Brook,
1973) and light filters (Kieckchefer et al, 1976), S.
avenae, M. dirhodum and R. padi have been classified among
the yellow-sensitive species.

The response of aphids to colour changes during flight.
Moericke (1955) suggested that post-teneral alatae are
initially attracted upwards by the predominantly short-
wavelength 1light from the sky, but after flying for some time,
they respond positively only to the longer-wavelength 1ight
reflected from the plants and soils below. Kennedy et al,
(1961) and Kennedy (1976) have modified this idea by
suggesting that throughout its flight, an aphid is simult-
ancously influenced by a phototactic pull both upwards
toward the sky, and downwards toward the earth. At some
stage the downward pull increases in strength, relative to
the upward one. Rautapda (1980) has also found that the
attracfion of 8. avenac and R. padi to ultraviolet (short—
wavelength) radiation relative to green or yellow (long-
wavelength) light was high at the immediate post-teneral

stage but decreased thercafter.

The influence of plant disease on host selection

The effect.of plant diseases on the choice of landing
target by flying insects has apparently not been studied.
Investigations have been concerned mainly with the distribu-
tion of insects after crop infestation in the field (eqg.
Hull, 1965: Lewis, 1979; Smith, 1939; vcclert, 1968;

Bernays et al, 1977) or of those artificially confined to



29

healthy and disecased plants or plant parts in a controlled
environment (eg. Baker, 1960; Lewis, 1979; Hodgson, 1977,
1981; Kieckhefer et al, 1976). Smith (1939), Ueckert (1968),
Bernays et al (1977) and Lewis (1979) all found that various
grasshoppers preferred fungus-infected plant tissues to
healthy ones. Hull (1965) observed that percentage infest-
ation by M. persicae (Sulz.) in the field was higher on
sugar beet yellows virus-infected sugar beet plants than on
healthy ones, and that each infected plant had more aphids
than a healthy one.

In more controlled conditions, Baker (1960) showed that

M. persicae (Sulz.), M. ascalonicus Doncaster, Aphis fabae

Scop. and Aulacorthum solani Kalt., when caged on sugar

beet leaves, all preferred sugar beel yellows virus-infected
leaves to healthy ones. Laboratory tests (Lewis, 1979)
confirmed the field observations that the grasshopper

Melanoplus differentialis (Thomas) preferred sunflower

(Helianthus annuus LL.) leaf tissue that had been infected

with rust fungus, Puccinia helianthii. Hodgson (1977, 1981)

showed that infection of turnips (Brassica rapa L.) by

cabbage black ringspot virus increased the number of leaves
suitable for colonization by M. persicae (Sulz.) but reduced
their number for B. brassicae L.. After a 16 hour access

period in a cage, the distribution of alate 8Schizaphis

graminum, Macrosiphum (Sitobion) avenae and R. padi on
detached h=2althy and BYDV-infected leaves of barley was

similar(Kieckhefer et al, 1976).
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Nutrient Requirements

In his review of aphid feeding and nutrition, Auclair
(1963) noted that very little was known about the nutritional
requirements of aphids. He concluded, however, that the
biochemical requirements of aphids were unlikely to differ
from those of other insects. Farlier reviews were made by
House (1962) on the nutritional reguirements of insects in
general, and by Friend (1958) on those of phytophagous
insects in particular,

Specific information on the nutrient requirements of
cercal aphids is similarly not available, but there is no
obvious reason why cereal aphids should differ considerably
from other aphids in this respect.

Measurement of aphid fecundity

Techniques for measuring the fecundity of individual
aphids have been reviewed by Adams and van Emden (1972}.
Many workers have recorded the total fecundity of aphids
by counting the number of progeny at intervals throughout
the aphids*® life (eg. Adams & Drew, 1964; Markkula &
Roukka, 1972; Elamin, 1975). It may sometimes be more
meaningful to obtain the rate of reproduction during the
first week or during the first few weeks (eg. Miller, 1966;
Leather & Dixon, 1981; Rautapfd, 1970; Hil1l, 1971; van
Emden, 19663 Dean, 1973b; Lowe, 1977). However, progeny
count is both time consuming and gives variable results
(Dewar, 1977). An alternative method is to dissect an
aphid at the teneral stage and count the embryo content

(eg. Honeyborne, 1969; Dewar, 1977; Dharma, 1979; Dixon &
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Dharma, 1980a,b; Dixon, 1976; Wellings et al, 1980). A
count of embryo number has the merits of speed and low
variability (Adams & van Emden, 1972). Embryo number and
fecundity are ¢losely related in A. fabae (Dixon & Wratten,
19713 Honeyborne, 1969), and a similar relationship may
occur in cereal aphids (Dewar, 1977).

HONEYDISW

Definition and uses

The most recent review on honeydew was made by Auclair
(1963) who defined it adequately as "the 1ligaid droplet
excretion from the alimentary tract, as released through
the anus by aphids, coccids, and many other plant sucking
insects."”

Honeydew is utilized in various ways by several
insect species including bees, ants, insecl parasitoids
and predators, and others (see Auclair, 1963).

Chemical Composition

Apart from Auclair (1963), the literature on the chemical
composition of honeydew has been reviewed by Walerhouse
(1957) and Doner (1977). More recent publications on this
topic include those by Noda et al (1973), Sidhu & patton
(1970), Hussain et al (1974), Dighton (1978) and Owen (1978).

Rate and fredquency of excretion

Moasuremonh

The rate of excretion (the volume of honeydew oxcreted
per aphid in a given period) is usually estimated by multi-
plying the froquency (the number of honeydew droplets
excreted per aphid in a given period) by the average volume

of the droplets excreted during that same period (eqg.
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Auclair, 1957, 1958; Mittler, 1954; Banks & Macaulay, 1964).
Mittler (1958) used a more direct technique by determining
the time required to fill a 10 or 20 mm glass capillary
pipette with the honeydew excreted by a known number of

Tuberolgchnus salignus (Cmelin) in a colony. A more

elaborate method has been described by Adams and van Emden
(1972).

The frequency of excretion has been measured by various
methods. Maxwell and Painter (1959) collected and counted
the droplets produced by single zphids feeding on their
host plants. Fisk (1978) modified this by lining the cages
with indicator paper impregnated with bromocresol-green in
ethyl alcohol or by smoking them with burning magnesium so
that the inside was covered with a thin layer of magnesium
oxide. Droplets falling on the yellow indicator paper
turned blue while those hitting the smoked surfaces left
crakers which could be counted. Smith (1937) devised a
honeydew-clock method which used a circular paper scale
rotating under an aphid. This principle was employed later
by Mittler (1958) and Auclair (1959) and developed further
by Banks and Macaulay (1964). Banks and Macaulay (1964)
used chromatography paper stained with bromocresol blue
(2 mg/ml ethanol) to record the excretion of individual
aphids continuously throughout their 1life. Aphids were
confined on leaves in plastic boxes across the floor of
which a strip of stained paper was pulled at a known rate by
a 1 rev/h electric motor. Faint or invisible droplets were
shown up by heating the paper to caramelize the sugars in

the honeydew. Auclair (1958) and Mittler (1958) used a
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spray of 0.2% ninhydrin in 95% butanol followed by heating
to show up the honeydew by the presence of amino acids.
Banks and Macaulay's machine can be used easily to
simul taneously measure excretion in many aphids and the
duration and rate of run of the record is more flexible
than earlier honeydew~clocks.

The volume of individual honeydew droplets was measured
by collecting each droplet falling on waxed paper with a
micropipette (Auclair, 1958; Paguia et al, 1980). Banks and
Macaulay (1964) collected droplets into chemical-free mineral
0oil (SAE 30 motor car oil, density 0.89) and calculated
droplet volume from the diameter of the droplets measured
with a micrometer eyepiece. Ehrhardt (1967) also estimated
volume by measuring droplet diameter with a micrometer
eyepiece. Droplet volume was estimated from the area or
weight of honeydew spots on filter paper impregnated with
either bromocresol green (2 mg/ml ethanol) (Pathak &
Heinricks, 1980) or 0.001% ninhydrin in acetone (Paguia et
al, 1980). Known honeydew volumes were spotted on similar
indicator paper and the corresponding area measured or
weighed to determine the relation between area and weight
on one hand and droplet volume on the other. In each case
the relationship was linear and significantly positive for

the brown planthopper Nilaparvata lugens (Stdl), but both

methods were reportedly tedious.

Factors affecting the rate and frequency of excretion

The following factors have been known to affect the
rate and frequency of honeydew excretion = in several species

of aphids: the species of aphid; aphid age and form; host
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plant species, variety and growth stage; moulting: starvation;
temperature; wind; light intensity; and attendance by ants
(see Auclair, 1963).

In addition to these factors, the physiological state
of.the host plant is alsgo important. The frequency of

excretion by Hypcromyzus lactucae L. was reduced when feeding

on sowthistle (Sonchus olcraceus L.) plants infected with

isolates of sowthisile yvellow vein virus (Sylvester, 1973).
Conversely, Magayarosy et al (1979) apparently recorded a

higher rale of excretion from Myzus persicae feeding on

Amsinckia douglasiana plants infected with curly top virus

than on healthy ones.

Interactions between honeydew and sooty moulds

Several references suggest that the presence of honey- .
dew produced by aphids, coccids and planthoppers increases
the incidence of sooty moulds. Mever (1978) found that the

presence of the coccids Icerya purchasi, Coccus hesperidum

and Gossyparia sSpuria on their various hosts was esgsential

for sooty mould (Cladosporium herbarum) growth, and quoted

the suggestion by Gardner (1849) and McAlpinc (1896) that
the insects provide nutrients for the fungus. Parker gt |
al (1956) reported the growth of sooty moulds on honeydew
excreted by aphids onto alfalfa plants. The moulds caused
a reduction in the yield of alfalfa hay, feed quality and
palétability 0f hay. Tedders and Smith (1976) also found’
that honeydew produced by large populations of the black-

rargined aphid, Monellia costalis (Fitch) and Monelliopsis

nigropunctata (Granovsky) on the foliage of pecan, Carya

illinoensis (Wang K. Koch) supports the growth of sooty




mould fungi. This growth interfers with the functioning
of the leaves (Osburn ot al, 1966).

Verei jken (1979) and Vereijken and Mantel (1980) have
indicated that aphid (5. avenae) honeydew stimulates the
development of fungi, especially black (sooty) moulds on
cereals. Rabbinge et 21 (1981) have confirmed this and
estimated that of the total yield loss in wheat attributable
to aphids and saprophytic fungi, 28% wvas due to the fungi
and 72% was due to the effects of aphid feeding and honey-
dew. Vereijken (1979) had earlier suggested that damage
caused by aphid feeding wasas important as that caused by
honeydew and saprophytic fungi. Riphagen et al (1979) have
also provided experimental evidence that supports the
effect of aphid honeydew on fungi. They sprayed honeydew
collected from S. avenae onto wheat flag leaves and then
monitored the development of phylloplane fungi on the
leaves. After 5 days the total population of phylloplane
fungi was significantly more on honeydew-sprayed leaves than

on control leaves. The growth of all fungal groups including

Cladosporium cladosporiocides was stimulated to a similar
extent.

CLADOSPORIUM

The genus Cladosporium belongs to the dematiaceous

hyphomycetes group of filamentous fungi. Some 500 species
have been described and keys for some of the common ones
are available (eg. Ellis, 1971, 1976). Several other
publications include diagnostic descriptions of various

Cladosporium species (eg. De Vries, 1952; Brett, 1948;

Malone & Muskett, 1964; Barnett & Hunter, 1972).



36

OQcourrence

Some species of Cladosporium are pathogenic to plants

but those most frequently encountered are the dark green
moulds living saprophytically on decaying vegetable matter.

C. herbarum Lk ex Fr. and C. cladosporioides (Fresen.) de

Vries are the commonest fungi on dyving and dead plant
substrates (see Domsch & Cams, 1970), although they also
thrive on living aerial surfaces of green plants (Dickinson,
1976; O'Donnell & Dickinson, 1980) and in the soil (see
Domsch & Gams, 1970). fTheir distribution is worldwide and
in several investigations on the spore content of the air,

Cladosporium, especially C. herbarum, is usually the dominant

genus (eg. Harvey, 1967; Hyde & Williams, 1952). Both C.

herbarum and (. cladosporioides have a wide range of plant

hosts (Domsch & Gams, 1970) including cereal grain, especially
wheat.

Economic importance

Together with Alternaria spp., Cladosporium causes a

blackening (sooty mould) of the ears and flag leaves of
cereals. The leaves, leaf sheaths and stems below the flag
leaf contribute only about 15% of the ultimate grain weight.
The ears and flag leaves therefore contribute significantly
to the final grain weight (Thorne, 1966). The ears alone
can contribute between 11 - 40% of the nutrients stored in
the grains (see Thorne, 1974). Blackening of these organs
by sooty moulds is therefore thought to affect yield by
intercepting light and lowering photosynthesis (eqg. Rabbinge
et al, 1981; Rabbinge & Mantel, 1980; Rabbinge & Verei jken,

_—

1980; verei jken, 1979; Tedders & Smith, 1976).
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Additionally, the blackening affects the appearance and

quality of grain. Cladosporium is abundant on freshly

harvested grain but is rapidly overshadowed by storage fungi
(eg. Hill, 1979).
Although no toxic agent has been identified from the

fungqus, Cladosporium is strongly allergenic and causes

respiratory symptoms in some humans and livestock. It can
also cause mycoses in domestic animals (Ainsworth &
Austwick, 1955) and when severely infected cereals have
been used as fodder (Joffe, 19623 Wogan, 1965).

Cladosporium sporulates freely and can be isolated

easily by various technigues (Thornton, 1958), including
dilution plating (eg. Hill, 1979).

Physical requirements

These requirements have been reviewed by Domsch and

Gams (1960). Cladosporium tolerates a wide range of pH

from 4.4 up to alkalinity with an optimum around 6. It
prefers moist conditions. For C. herbarum, the minimum
humidity was found to be 89% for germination, 85% for
vegetative growth and 90% for sporulation. Data on optimum
temperatures vary between 18 and 28°¢. Growth is possible
at -6°C and the maximum temperature range lies between 30
and 32°%c.

Nutrient requirements

Hawker (1950, 1957) has reviewed and discussed the
general nutrition of fungi. Carbohydrates, nitrogen, phos-
phorus, potassium, maghesium, sulphur and a host of metals

such as iron, zinc, copper, manganese etc. in trace amounts
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are regarded as essential nutrients for all fungi. The
nature, concentration and the total quantity of the food
supply are all important in determining growth, development
and sporulation in fungi.

The growth of Rynchosporium secalis (Oud.) in culture

is affected by the carbohydrate and nitrogen content of

the growth medium (Caldwell, 1937; Schein & Kerelo, 1956;
Jenkyn & Griffiths, 1976). The susceptibility of barley

to the same fungus was reported to be positively correlated
with the nitrogen content but negatively so with water-
soluble carbohydrates (Jenkyn & Griffiths, 1978). A positive
correlation between the susceptibility of cocksfoot geno-

types to infection by stripe rust (Puccinia striiformis)

and the water-soluble carbohydrate content of leaves is
also known {(Carr & Catherall, 1964). Freeman (1964) has

shown that the severity of Piricularia grisea infection of

St. Augustine grass was strongly related with the nitrogen
content of leaves. Similar studies have apparently not

been m=de for Cladosporium but its general nutritional

requirements are unlikely to differ considerably from those

of other fungi.
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GENERAL, MATERTIALS AND METHODS

The glasshouse environment

Each of the glasshouse cubicles used for the
experiments measured 3.5 x 2.9 x 2.7m, and was kept at
about 20°C under a 16:8 hours light:dark cycle but the
temperature fluctuated considerably in the summer months.
Lighting was provided by four sodium pressure lamps (400W)
hanging at 1.2m above the work benches; they were switched
off in the summer.

The aphid cul tures

Separate virus-free cultures of R. padi L., M. dirhodum
(Wik.) and the brown form of S. avenae (F.) started from
single apterous virginoparae obtained from a field of
winter wheat in June 1979, were maintained on seedling
wheat (Cappelle Desprez) in the glasshouse. The culture
plants were changed fortnightly and the population of
aphids was reduced at each plant change in order to avoid
overcrowding. Viruliferous cultures of the three aphid
species were started with aphids from these virus-free
ones but were kept in a separate cubicle to avoid cross-
contamination by the virus. To obtain first instar nymphs,
alate virginoparae were allowed to feed for a few hours on
wheat seedlings and the nymphs were then collected. A fine
camel hair brush was used to handle the aphids.

The laboratory plant material

Because of the problems encountered with attempts to
vernalize winter cereals, spring varieties of barley (Julia),
oats (Manod) and wheat (Highbury) were used throughout the

study. Using a separate pot for each crop, twenty seeds
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were planted in 12.8cm plastic pots in Eff soil-less

(peat) compost. Eight days after planting, at Zadoks

growth stage 10 (Zadoks et al, 1974; Tottman et al, 1979),
the seedlings were selected for uniformity of size and
transplanted, one per pot, into l4dem plastic pots. No
supplementary fertilizers were added as the plants grew
vigorously. Bayleton (Bayer Ltd.) containing 25% Triadimefon
was applied at the rate of 2mg/1 of water Lo control the
powdery mildew when necessary.

Inoculation of plants with BYDV

A severe R. padi-specific isolate of BYDV, supplied by
Dr R T Plumbh of the Planl Pathology Departmenlk at Rothamsted,
was used in all experiments. Test plants were inoculated
with the virus by confining three viruliferous R, padi
from the appropriate culture per plant, using cellulose
nitrate cages (18 x 4cm diameter) with musiin tops. Control
(healthy) plants were infested with three virus-free
R. padi L. per plant. Virus-infected and healthy plants
were kept in separate cubicles, and the aphids were
removed after two days with a spray of pirimicarb (0.41 g
ai/l). One day later, the plants were transferred into
saxcil growth cabinets, one cabinet per treatment. The
cabinets were exchanged for alternate experiments.

The Saxcil growth cabinets
el

Each Saxcil growth cabinet (1.3 x 1.3 x 1.5m) was
maintained at a constant 20°C and 70% relative humidity
with a 16:8 hours light:dark cycle (0500-2100hrs.).
Lighting (26,000 lux total radiation at 1.2m from the ceiling)

was provided by a bank of incandescent and warm-white
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fluorescent lamps which were separated from the working
section by a sheet of perspex. Each set of lamps was
replaced routinely after 1000 hours of performance. Fresh
air was circulated through the cabinet at the rate of

1000 1/min,

Aphid caqges

Clip-on cages were avoided because of the dangers
associated with their use (eg. Dewar, 1977b). Dialysis
tubing (18mm internal diameter, from Medicell International
Ltd., London) was therefore used to confine aphids to
leaves (7cm long) and ears (15cm long). Bach cage was
plugged at both ends with cotton wool to prevent the
aphids from escaping and for aeration. The dialysis tubing
was inflated and exposed in another glasshousce for at least
two weeks prior to being used, in order to minimize the
risk of toxicity to the aphids and Lthe leaves (Lowe, 1978).
A few aphids got caught on the cotton wool but the cages
were satisfactory otherwise.

Statistical Analysis

Unless stated otherwise, data were analysed using the
variance ratio (F) test and run on the Rothamsted GENSTAT

computer program (Nelder et al, 1977).
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THE EFFECT OF BARLEY YELLOW DWARF VIRUS OY THE FIELD
POPULATION OF CEREAI, APHTIDS AND GRAIN YIELD

INTRODUCTION

In view of the findings by the Aerial Photography

Unit of the ADAS (Hooper, 1978), the trials reported in
this section were conducted to establish whether higher
aphid populations develop on BYDV-infected plants than

on healthy ones in the field. Field experiments were
conducted at Rothamsted in 1979 and 1980 in which cereal
aphid numbers in healthy and diseased plots of winter
cereals were monitored from the time of the spring
migration of aphids until crop maturity. Crop yields

were also recorded at harvest.

MATERIALS AND METHODS

A. 1979

In fields of winter wheat (cv Flanders, sown an
17.10.78) and winter oats (cv Panema, sown on 27.10.78)
in the south-west corner of Stackyard field (Fig.2),
plots measuring 0.5m x 0.5m were marked out in two rows
The rows were separated by a planted area of 2m and
the plots were 5m apart (Fig. 3). Plot boundaries were
demarcated by labelled bamboo sticks (Fig. 7). On 17.5.79,
when wheat was at growth stage (GS) 18 24 and oats at
GS 15 21, ten plots of each crop were artificially infected
with a severe R. padi-specific isolate of BYDV using
viruliferous R. padi reared on discased plants in a

glasshouse. Five-centimeter sections of infected leaves,
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Plot layout in Stackyard. 1979
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infection of winter wheat and oats on aphid
populations and the incidence of Cladosporium
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‘each bearing about ten aphids, were distributed within
the plots. One leaf section was placed between the
youngest leaf and the stem of each tiller. All alates
and fourth instar alates were removed in the glasshouse
before distribution in the field in order to limit em-
migration from the plots. The aphids were confined
to each plot with barriers made of wood and cellulose
nitrate sheets (similar to Fig.4). Five control plots
were similarly infested with virus-free R. padi from a
glasshouse culture. All aphids were killed after two
days with pirimicarb (0.41 g ai/1) and the cages were
removed two days later. Artificial inoculation with
BYDV was necessary because the crops had been sown very
late and also because natural infection at Rothamsted is
rarely widespread in most years (Plumb, 1981).

Thereafter, until crop maturity, weekly counts were
made on 5 - 100 tillers per plot on each occasion,
depending on aphid density., Aphids were identified to
species, and classed as 1, 2, 3 and 4th instar nymphs,
adult apterae and alatae.

B. 1980

In the 1980 trials, winter barley (Maris Otter,
oats (Panema) and wheat (Flanders) were studied. Barley
was included in view of the increasing importance of
winter barley in British agriculture (Groves, 1979,
Tables 7 & 9). The trials were sited at the south-east
corner of Long Hoos field (Fig.5) and the plots were laid
out as illustrated in Fig.6. For each crop there were

five randomized blocks of two plots (i.e. 10 plots per
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crop), each plot measuring approximately 1m x 1lm.
Adjacent crops were separated by 5.8m consisting of three
unsown paths each O.8mwide plus two discard areas each

2m wide. The whole trial area had a discard surround of
adjacent crop 2m wide. fThis arrangement was chosen in
order to minimize interplot interference.

Five plots were infected with BYDV on 21.3.80, using
the same virus isolate and procedures as in 1979 except
that heavy gauge polythene sheet was used for the barriers.
All three crops were at GS 14 22, and the conlrol plants
were ﬁot infested with virus-free aphids. All aphids
were killed after two days with pirimicarb (0.41 g ai/1).
Aphid counts were made on 20 randomly chosen tillers per
plot on 29,5.80 and weekly thereafter until crop maturity.

Aphids were again identified to species and classed
as 1-3 instars, fourth instar apterae and alatae, and
adult apterae and alatae.

Yield data

The effect of BYDV on straw length, the length of
ears, the number of grains per ear, grain weight, shelling
percentage, the weight of grains from 20 ears and
the grain yield per plot was measured in each crop. Straw
length was measured from soil level to the base of the ear.
Shelling percentage was taken as the proportion of the

ears that was made up of grain.

Aphid Numbers

All plants within infected plots showed the
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charécteristic symptoms of BYDV infection before the
first aphids were encountered on the crops, and the
disease was effectively confined to these plots (Figs.

7 & 8). In 1979 disease symptoms appeared in wheat two
weeks later than in oakts but in 1980 they appeared at
abQut the same time on all three crops. Diseased leaves
wefe bright yellow on barley, reddish yellow on oats and
bright yellew to purple on wheat (Figs. 8, 9 & 10).

Metopolophium dirhodum (Wlk.) was the most abundant

aphid'SpecieS in the crops in 1979 while S. avenae was
predbminant in 1980. Except on a few sampling dates,

the browvm form of $. avenae was significantly more common
than thelgrecn on oats and wheat throughout the sampling
period but not on barley (Fig. 11).

..Jhe effect of BYDV on the percentage of plants infested by

aphids

Percentage infestation was not recorded in 1979.
In 1980, significantly more diseased plants were infested
by S. avenae (barley F = 27.24, 4af = 1/32, p< 0.001;
oats F = 74.66, df = 1/36, p< 0.001). The difference on
wheat was only significant at GS 69 and 71 (F = 10.91,
_ ar =~ 1/4, p<0.05 and F = 8.96, df = 1/4, p< 0.05
respectively) (Fig. 12). Of the three crops, the level of
infestation was initially lower on wheat than on seither oats
or barley, but at peak infestation and thereafter wheat -
was the most highly infested and barlcy the least. However,
the difference between healthy and diseased plants was
lovest on wheat. The peak percentage infestation occurred

at different growth stages on the three crops, 73 on



Fig. 7. A BYDV-infected experimental plot of wheat
demarcated in 1979 with bamboo stakes.

Fig. 8. An experimental plot of barley (centre) showing
symptoms of BYDV infection @burtesy of
Dr R T Plumb, Rothamsted).
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Fig. 9. An experimental plot of oats in 1979 (centre)
showing symptoms of BYDV infection.
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Fig. 11. Nunbers of the brown (O) and green (O) forms
of 5. avenae on wheat, cots and barley in the
field, 1980. ( Healthy and BYDV - infected
combined ) ( wheat F= 9.47, df = 1/178, p<0.01;
oats' F = 22.47, df = 1/178, p<0.001; barley
F -1 40 4fF - 1/172 NS ).
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Fig. 12. The percentage of healthy (O) and BRYDV -
infected (@) wheat, oats and barley infested
by 5. avenoge in the field, 1980.
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barley, 61 on oats and 71 on wheat.

The effect of BYDV on the total numbers of aphids

In both 1979 and 1980, the sequence of development
of aphid numbers on each Crop was similar on heal thy and
diseased plants {(Fige. 13 & 14). DPeak populations of
M. dirhodum occurred in 1979 at GS 77 on both wheat and
oats. In 1980 the numbers of S. avenae peaked at growth
Stages 61, 61 and 71 respectively on barley, oats and
wheat.,

In 1979 there were significantly more M. dirhodum
on diseased oats (F = 17.53, df = 1/104, p<0.001) and
wheat (F = 16.80, dr = 1/62, p«< 0.001) than on healthy
plants. S. avenae was also significantly more abundant
in 1980 on virus-infected barley (F = 25.24, df = 1/32,
p< 0.001); oats (F = 81.19, df = 1/36, p« 0.001) and wheat
(F = 24.84, df = 1/36, p< 0.001) than on healthy plants.
The effect of BYDV infection on the population of aphids
was more pronounced on oats than wheat in 1979, strongest
on barley and weakest on wheat in 1980 (Table 1)

The effect of BYDV on the population of adult alates

Taken over the eight weeks of sampling in 1979, there
were significantly more alate M. dirhodum on BYDV-infected
oats than on healthy plants (F = 6,12, df = 1/104, p<0.05,
Fig. 15). BYDV did not affect the numbers of alates on
wheat (Fig. 15).

Alates of S. avenae were more abundant in 1980 on
diseased barloey (F = 8.53, df = 1/32, p< 0.01), ocats (F =
33.62, df = 1/36, p< 0.001) and wheat (Fig. 16), but the

difference on wheat wasg not significant.
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Table 13 The effect of BYDV on the size of peak populations

of M. dirhodum in 1979 and 8. avenae in 1980

Crop Year Total no. of aphids/ % increase
tiller due to
Healthy BYDV BY DV

Dats 1979 37 .64 94.99 152.36

Wheat 1979 53.28 95.67 79.56

Barley 1980 0.46 3.313 145.62

Oats 1980 1.15 3.79 229.57

Wheat 1980 3.40 6.21 82.65

Table 2: The effect of BYDV on the ratio of first instar

M. dirhodum nvmphs (ILi) to adults (Ad) in 1979

ODats Wheat

Crop Li/Ad Li/Ad

growth

Stage Healthy Diseased Healthy Diseased
61 3.04 4.86 - -
69 4,07 4.47 3.75 317
73 7.86 7.21 10.67 8.19
77 4.74 4.70 4.87 6.41
83 - - 2:72 4,27
87 2.31 4,18 - 4.27
94 0.33 0.00 ) - -

Mean 373 3.54 5+50 5.26

- = There were no adults
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